Abstract-Prediction of acoustic noise radiated by electric As a result of vibration, the surface of the stator yoke and motors is nowadays important both for machine manufacturers frame displaces with frequencies corresponding to the and users. This paper describes an engineering approach to frequencies of forces. The surrounding medium (air) is excited prediction of noise of magnetic origin produced by permanent to vibrate too and generates acoustic noise. magnet (PM) brushless motors. The sound power level (SWL) is calculated on the basis of magnetic field analysis in the air gap, The acoustic power radiated from the frame is a very small radial forces, natural frequencies of the stator-frame system and fraction of the electrical input power. The sound power level radiation efficiency coefficient. Accuracy problems encountered in (SWL) of 100 dB corresponds to the power of 0.01 W, while the analytical and numerical noise prediction have been discussed. 60 dB corresponds to the power of 10-6 W. Among other
INTRODUCTION K. The magnetic force waves excite the mechanical system to Although the noise and vibration of induction machines have generate vibration. The amplitude of vibration is a function of widely been discussed in many references, e.g. [1 -6] , the magnitude and frequency of these forces as well as significantly less research activity has been observed in vibro-parameters M, C and K. acoustics of permanent magnet (PM) brushless motors, e.g. [7 -10] . produced by radial magnetic forces due to magnetic flux conversion of electric energy into acoustic energy; (b) excitation ofthe density waveforms in the air gap. The paper does not discuss stator and frame to vibrate by radial magnetic forces. the load induced noise, i.e., noise due to coupling the machine
III. DETERMINISTIC AND STATISTICAL METHODS
with a mechanical load and due to mounting the machine on OF NOISE PREDICTION foundation or other structure.
In the analytical and numerical approach, usually, a II. ENERGY CONVERSION PROCESS deterministic method is employed. In deterministic method, the Fig. 1 a. shows how the electrical energy is converted into magnetic forces acting on a motor structure have to be acoustic energy in an electric machine. The input current calculated from the input currents and voltages using an interacts with the magnetic field producing high-frequency analytical electromagnetic model [8, 9] or the FEM model forces that act on the inner stator core surface (Fig. ib) . These [8,1 1]. The vibration characteristics are then determined using forces excite the stator core and frame in the corresponding a structural model normally based on the FEM [7,8,11 -13] . frequency range and generate mechanical vibration and noise.
By using the vibration velocities of the motor structure 1 -4244-0743-5/07/$20.OO ©2007 IEEE predicted from the structural model, the radiated sound power The overall SWL calculated in such a way is lower than that The rotor magnetic flux density waveforms are calculated on obtained from measurements, because computations include the basis of MMF waveforms and permeances of the air gap. only the noise of magnetic origin (mechanical noise caused by Magnetic forces are calculated on the basis of Maxwell stress bearings, shaft misalignment, and fan is not taken into account) tensor. The natural frequencies of the stator system can be and usually, the calculation is done for low number of approximately evaluated as [9] harmonics of magnetic flux density waves. The proper selection of the stator slots si and rotor poles 2p -8, the overall SWvL at 660 rpm is reduced to 30 dB (10-9 W). 30 The SWL spectrum is shown in Fig. 3b The SWL spectrum is very sensitive to the angle f between (b) F'= 4.50 the stator current phasor and the q-axis (EMF phasor). Fig. 3 VI. ACCURACY OF NOISE PREDICTION shows how the SWL spectrum is changed if the angle W . .
increases from 4.580 to 5o (see also Fig. 2a ) and then decreases 
